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The transient anti-plane problem of a magnetoelectroelastic strip containing a crack vertical to the boundary is consid-
ered. Singular integral equations for the impermeable crack are obtained by using Fourier and Laplace transforms.
Numerical results show the eﬀects of the relative loading parameters jD and jB, and the crack conﬁguration on the
dynamic fracture behavior. The results obtained indicate that for the impermeable crack, the electric and magnetic impacts
have signiﬁcant inﬂuences on the dynamic stress intensity factor and the dynamic energy density factor.
 2006 Elsevier Ltd. All rights reserved.
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Due to the magnetoelectric coupling eﬀect that is not present in single-phase piezoelectric or piezomagnetic
materials, piezoelectric/piezomagnetic composites consisting of piezoelectric and piezomagnetic phases are
attractive for application in the electronic industry. In a few years, some researchers paid attention to the
material properties of piezoelectric/piezomagnetic composites (see e.g., Li and Dunn, 1998; Huang et al.,
2000; Wang and Shen, 2002; Wang and Zhong, 2003). In addition, owing to their brittleness, piezoelectric/
piezomagnetic composites have a tendency to develop cracks and ﬂows. When a cracked structure subjected
to mechanical, magnetic and electric loads in service, the high stress concentration may initiate crack growth
and eventually lead to failure of the structure. It is, therefore, of great importance to study the fracture
mechanics of these materials and structures. Liu et al. (2001) considered Green’s function for anisotropic mag-
netoelectroelastic solids with an elliptical cavity or a crack. Gao et al. (2003a,b) studied the exact solution of a
crack and the general solution of collinear cracks in a magnetoelectroelastic solid subjected to the far ﬁeld
loadings. Song and Sih (2003) and Sih and Song (2003) investigated the magnetic and electric poling eﬀects
associated with crack growth and crack initiation behavior in magnetoelectroelastic composites. Wang and0020-7683/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ijsolstr.2006.05.015
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706 H.-d. Yong, Y.-h. Zhou / International Journal of Solids and Structures 44 (2007) 705–717Mai (2004a) considered an anti-plane crack in a piezoelectromagnetic medium. They found that the stress
intensity factor in the static case is independent of electric and magnetic loadings. Gao et al. (2004) considered
the fracture mechanics for an elliptical cavity in a magnetoelectroelastic solid under remotely uniform in-plane
electromagnetic and anti-plane mechanical loadings. It is found that the eﬀects of electric and magnetic ﬁelds
on the fracture mechanics is mechanical load-dependent. Hu and Li (2005a,b) investigated the problems of a
constant moving crack in a magnetoelectroelastic material under anti-plane shear loading, and a piezoelectro-
magnetic strip with a ﬁnite crack under longitudinal shear, respectively. The transient analysis of a magneto-
electroelastic medium containing a crack under anti-plane mechanical and in-plane electric and magnetic
impacts was made by Li (2005). It is found that the intensity factors of the electric displacement and magnetic
induction do not vary with time.
In this paper, the transient anti-plane problem of a magnetoelectroelastic strip containing a crack vertical to
the boundary is considered. The crack is assumed to be impermeable. To the authors’ knowledge, the problem
has not been studied yet. Integral transforms are employed to reduce the problem to Cauchy singular integral
equations that can be solved numerically. Numerical results are shown graphically to illustrate the eﬀects of
relative loading parameters jD and jB, and the crack conﬁguration on the dynamic stress intensity factor and
the dynamic energy density factor.
2. Basic equations
Consider a magnetoelectroelastic strip of the width h that contains a ﬁnite crack subjected to mechanical,
electrical and magnetic impacts as shown in Fig. 1. The poling direction of the strip is parallel to the positive
z-direction with reference to the rectangular coordinate system (x,y,z), and the strip exhibits transversely iso-
tropic behavior. In what follows, we consider only the case where anti-plane shear impact and in-plane electric
and magnetic impacts are imposed on the crack surfaces. In this case, we haveux ¼ uy ¼ 0; uz ¼ wðx; y; tÞ ð1Þ
Ex ¼ Exðx; y; tÞ; Ey ¼ Eyðx; y; tÞ; Ez ¼ 0 ð2Þ
Hx ¼ Hxðx; y; tÞ; Hy ¼ Hyðx; y; tÞ; Hz ¼ 0 ð3Þwhere ui, Ei and Hi (i = x,y,z) are the components of the displacement vectors, electric ﬁeld vectors and mag-
netic ﬁeld vectors, respectively. Owing to the coupling of elastic, electric and magnetic behaviors, the consti-
tuting equations are as follows:rxz ¼ c44 owox þ e15
o/
ox
þ h15 ouox ; ryz ¼ c44
ow
oy
þ e15 o/oy þ h15
ou
oy
ð4Þ
Dx ¼ e15 owox  e11
o/
ox
 d11 ouox ; Dy ¼ e15
ow
oy
 e11 o/oy  d11
ou
oy
ð5Þ
Bx ¼ h15 owox  d11
o/
ox
 l11
ou
ox
; By ¼ h15 owoy  d11
o/
oy
 l11
ou
oy
ð6Þy
x
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Fig. 1. Geometry of the crack problem in a magnetoelectroelastic strip.
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magnetic induction vectors; c44, e15, e11, h15, d11, l11 are the shear modulus, piezoelectric coeﬃcient, dielectric
parameter, piezomagnetic coeﬃcient, magnetoelectric coeﬃcient and magnetic permittivity, respectively; /
and u denote the electric potential and magnetic potential.
The dynamic equilibrium equations are as follows:orzx
ox
þ orzy
oy
¼ q o
2w
ot2
ð7Þ
oDx
ox
þ oDy
oy
¼ 0 ð8Þ
oBx
ox
þ oBy
oy
¼ 0 ð9Þwhere q is the mass density of the magnetoelectroelastic strip. Here body forces, free charges and current den-
sities have been neglected.
Substituting Eqs. (4)–(6) into the dynamic equilibrium equations, we can obtain the following governing
equations:c44r2wþ e15r2/þ h15r2u ¼ q o
2w
ot2
ð10Þ
e15r2w e11r2/ d11r2u ¼ 0 ð11Þ
h15r2w d11r2/ l11r2u ¼ 0 ð12Þwhere $2 = o2/ox2 + o2/oy2 is the two-dimensional Laplace operator.
After decoupling w, / and u, Eqs. (10)–(12) becomer2w ¼ 1
c2s
o2w
ot2
ð13Þ
/ðx; y; tÞ ¼ fðx; y; tÞ þ emwðx; y; tÞ; r2f ¼ 0 ð14Þ
uðx; y; tÞ ¼ gðx; y; tÞ þ hmwðx; y; tÞ; r2g ¼ 0 ð15Þin which,cs ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
cm=q
p
; cm ¼ c44 þ e
2
15l11 þ h215e11  2h15e15d11
e11l11  d211
ð16Þ
em ¼ e15l11  h15d11
e11l11  d211
; hm ¼ h15e11  e15d11
e11l11  d211
ð17ÞThe boundary conditions at the edges of the strip arerxzð0; y; tÞ ¼ rxzðh; y; tÞ ¼ 0 ð18Þ
Dxð0; y; tÞ ¼ Dxðh; y; tÞ ¼ 0 ð19Þ
Bxð0; y; tÞ ¼ Bxðh; y; tÞ ¼ 0 ð20ÞIt is found that the electrically impermeable boundary is a reasonable one for engineering problems in pie-
zoelectric fracture (Wang and Mai, 2004b) and piezoelectric materials are the constituent of magnetoelectro-
elastic materials. Thus, we only consider the impermeable crack surface conditions. The mechanical, electrical
and magnetic conditions on the crack surfaces for the impermeable case can be expressed asryzðx; 0; tÞ ¼ r0HeðtÞ; a < x < b ð21Þ
Dyðx; 0; tÞ ¼ D0HeðtÞ; a < x < b ð22Þ
Byðx; 0; tÞ ¼ B0HeðtÞ; a < x < b ð23Þ
wðx; 0; tÞ ¼ /ðx; 0; tÞ ¼ uðx; 0; tÞ ¼ 0; x < a; x > b ð24Þ
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Introduce Laplace transform asf e ðpÞ ¼
Z 1
0
feðtÞept dt; f eðtÞ ¼
1
2pi
Z
Br
f e ðpÞept dp ð25Þin which Br denotes the Bromwich path.
Since the problem is symmetric with respect to the x-axis, it is suﬃcient to consider the upper plane for
y > 0. The solutions of Eqs. (10)–(12) are given as follows:wðx; y; pÞ ¼ 1
2p
Z þ1
1
F 1ðs; pÞemyeisx dsþ 2p
Z þ1
0
½A1ðs; pÞemx þ A2ðs; pÞemx sin sy ds ð26Þ
/ðx; y; pÞ ¼ fðx; y; pÞ þ emwðx; y; pÞ ð27Þ
fðx; y; pÞ ¼ 1
2p
Z þ1
1
F 2ðs; pÞejsjyeisx dsþ 2p
Z þ1
0
½M1ðs; pÞesx þM2ðs; pÞesx sin sy ds ð28Þ
uðx; y; pÞ ¼ gðx; y; pÞ þ hmwðx; y; pÞ ð29Þ
gðx; y; pÞ ¼ 1
2p
Z þ1
1
F 3ðs; pÞejsjyeisx dsþ 2p
Z þ1
0
½N 1ðs; pÞesx þ N 2ðs; pÞesx sin sy ds ð30Þwhere Ai, Mi, Ni and Fj (i = 1  2, j = 1  3) are the unknowns to be solved andm ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
s2 þ ðp=csÞ2
q
ð31Þ3. Singular integral equations
Introduce dislocation density functions asg1ðx; pÞ ¼
owðx; 0; pÞ
ox
; a < x < b
0; x < a; x > b
8<
: ð32Þ
g2ðx; pÞ ¼
o/ðx; 0; pÞ
ox
; a < x < b
0; x < a; x > b
8<
: ð33Þ
g3ðx; pÞ ¼
ouðx; 0; pÞ
ox
; a < x < b
0; x < a; x > b
8<
: ð34ÞSubstituting Eqs. (26)–(30) into Eqs. (32)–(34), we obtainF 1ðs; pÞ ¼ is
Z b
a
g1ðu; pÞeisu du ð35Þ
F 2ðs; pÞ ¼ is
Z b
a
½emg1ðu; pÞ þ g2ðu; pÞeisu du ð36Þ
F 3ðs; pÞ ¼ is
Z b
a
½hmg1ðu; pÞ þ g3ðu; pÞeisu du ð37ÞIn Laplace transform domain, substituting Eqs. (26)–(30) into Eqs. (4)–(6), and using Eqs. (18)–(20), (35)–
(37), we obtain
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2m2ðemh  emhÞ
Z b
a
emðhuÞ  emðhþuÞ g1ðu; pÞdu ð38Þ
A2ðs; pÞ ¼ s
2m2ðemh  emhÞ
Z b
a
emðhuÞ  emðuhÞ g1ðu; pÞdu ð39Þ
M1ðs; pÞ ¼ 1
2ðesh  eshÞs
Z b
a
esðhuÞ  esðhþuÞ  emg1ðu; pÞ þ g2ðu; pÞ½ du ð40Þ
M2ðs; pÞ ¼ 1
2ðesh  eshÞs
Z b
a
esðhuÞ  esðhuÞ ½emg1ðu; pÞ þ g2ðu; pÞdu ð41Þ
N 1ðs; pÞ ¼ 1
2ðesh  eshÞs
Z b
a
esðhuÞ  esðhþuÞ ½hmg1ðu; pÞ þ g3ðu; pÞdu ð42Þ
N 2ðs; pÞ ¼ 1
2ðesh  eshÞs
Z b
a
esðhuÞ  esðhuÞ ½hmg1ðu; pÞ þ g3ðu; pÞdu ð43Þ
From Eqs. (26)–(30), (35)–(43), conditions (21)–(23) become1
p
Z b
a
½cmq1ðu; x; pÞ  ðe15em þ h15hmÞq2ðu; xÞg1ðu; pÞduþ
1
p
Z b
a
½e15g2ðu; pÞ þ h15g3ðu; pÞq2ðu; xÞdu ¼ 
s0
p
ð44Þ
1
p
Z b
a
½e15g1ðu; pÞ  e11g2ðu; pÞ  d11g3ðu; pÞq2ðu; xÞdu ¼ 
D0
p
ð45Þ
1
p
Z b
a
½h15g1ðu; pÞ  d11g2ðu; pÞ  l11g3ðu; pÞq2ðu; xÞdu ¼ 
B0
p
ð46Þ
whereq1ðu; x; pÞ ¼ q11ðu; x; pÞ þ q12ðu; x; pÞ ð47Þ
q11ðu; x; pÞ ¼ lim
y!0
Z þ1
1
i
2s
ðmÞemyeisðuxÞ ds ð48Þ
q12ðu; x; pÞ ¼ lim
y!0
Z þ1
0
s
m2ðemh  emhÞ e
mðhuÞ  emðhþuÞ emx þ emðhuÞ  emðuhÞ emxs cosðsyÞds
ð49Þ
q2ðu; xÞ ¼ q21ðu; xÞ þ q22ðu; xÞ ð50Þ
q21ðu; xÞ ¼ lim
y!0
Z þ1
1
i
2s
ðjsjÞejsjyeisðuxÞ ds ð51Þ
q22ðu; xÞ ¼ lim
y!0
Z þ1
0
1
ðesh  eshÞs e
sðhuÞ  esðhþuÞ esx þ esðhuÞ  esðuhÞ esxs cosðsyÞds ð52ÞSeparating the singular term of the kernel q11(u,x,p), (44)–(46) can be modiﬁed as follows:1
p
Z b
a
c44
u xþ cml1ðu; x; pÞ  ðe15em þ h15hmÞl2ðu; xÞ
h i
g1ðu; pÞdu
þ 1
p
Z b
a
½e15g2ðu; pÞ þ h15g3ðu; pÞ
1
u xþ l2ðu; xÞ
 
du ¼  s0
p
ð53Þ
1
p
Z b
a
½e15g1ðu; pÞ  e11g2ðu; pÞ  d11g3ðu; pÞ
1
u xþ l2ðu; xÞ
 
du ¼ D0
p
ð54Þ
1
p
Z b
a
½h15g1ðu; pÞ  d11g2ðu; pÞ  l11g3ðu; pÞ
1
u xþ l2ðu; xÞ
 
du ¼ B0
p
ð55Þ
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l11ðu; x; pÞ ¼
Z þ1
1
i
2s
ðmÞ þ i
2s
jsj
 
eisðuxÞ ds ð57Þ
l2ðu; xÞ ¼ q22ðu; xÞ ð58Þ4. Solution and the intensity factors
In order to solve the system of integral Eqs. (53)–(55), the integral interval (a,b) is normalized by deﬁningx ¼ b a
2
r þ bþ a
2
; u ¼ b a
2
vþ bþ a
2
ð59Þthen (53)–(55) can be recasted1
p
Z 1
1
c44
v r þ cmK1ðv; r; pÞ  ðe15em þ h15hmÞK2ðv; rÞ
h i
f1ðv; pÞ
n
þ½e15f2ðv; pÞ þ h15f3ðv; pÞ 1v r þ K2ðv; rÞ
 	
dv ¼  s0
p
ð60Þ
1
p
Z 1
1
e15f1ðv; pÞ  e11f2ðv; pÞ  d11f3ðv; pÞ½  1v r þ K2ðv; rÞ
 
dv ¼ D0
p
ð61Þ
1
p
Z 1
1
h15f1ðv; pÞ  d11f2ðv; pÞ  l11f3ðv; pÞ½ 
1
v r þ K2ðv; rÞ
 
dv ¼ B0
p
ð62Þand the single-valuedness conditions can be expressed asZ 1
1
f1ðv; pÞdv ¼ 0;
Z 1
1
f2ðv; pÞdv ¼ 0;
Z 1
1
f3ðv; pÞdv ¼ 0 ð63ÞBy means of the application of the numerical method (see, e.g., Erdogan, 1975), f1(v,p), f2(v,p) and f3(v,p)
can be expressed as (Choi, 2004)f1ðv; pÞ ¼ 1p
R1ðv; pÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 v2
p ; f 2ðv; pÞ ¼
1
p
R2ðv; pÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 v2
p ; f 3ðv; pÞ ¼
1
p
R3ðv; pÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 v2
p ð64Þand R1(v,p), R2(v,p) and R3(v,p) can be written in forms of Chebyshev polynomialsR1ðv; pÞ ¼
X1
n¼0
PnT nðvÞ ð65Þ
R2ðv; pÞ ¼
X1
n¼0
QnT nðvÞ ð66Þ
R3ðv; pÞ ¼
X1
n¼0
ZnT nðvÞ ð67ÞSubstituting Eq. (64) into Eqs. (60)–(62), and truncating the series with a ﬁnite number of terms, we obtain
a system of linear algebraic equations for the unknown coeﬃcients Pn, Qn and Zn.
The stress intensity factor, the electric displacement intensity factor and the magnetic induction intensity
factor are determined ask3ðaÞ ¼ limx!a
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ða xÞ
p
ryzðx; 0; pÞ; k3ðbÞ ¼ limx!b
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ðx bÞ
p
ryzðx; 0; pÞ ð68Þ
kDðaÞ ¼ limx!a
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ða xÞ
p
Dyðx; 0; pÞ; kDðbÞ ¼ limx!b
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ðx bÞ
p
Dyðx; 0; pÞ ð69Þ
kBðaÞ ¼ limx!a
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ða xÞ
p
Byðx; 0; pÞ; kBðbÞ ¼ limx!b
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ðx bÞ
p
Byðx; 0; pÞ ð70Þ
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p
Z 1
1
T nðvÞ
ðv rÞ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1 v2
p dv ¼  sgnðrÞﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
r2  1
p r  sgnðrÞ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
r2  1
ph in
; jrj > 1 ð71Þwe obtaink3ðaÞ ¼
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½c44R1ð1; pÞ þ e15R2ð1; pÞ þ h15R3ð1; pÞ ð72Þ
k3ðbÞ ¼ 
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½c44R1ð1; pÞ þ e15R2ð1; pÞ þ h15R3ð1; pÞ ð73Þ
kDðaÞ ¼
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½e15R1ð1; pÞ  e11R2ð1; pÞ  d11R3ð1; pÞ ð74Þ
kDðbÞ ¼ 
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½e15R1ð1; pÞ  e11R2ð1; pÞ  d11R3ð1; pÞ ð75Þ
kBðaÞ ¼
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½h15R1ð1; pÞ  d11R2ð1; pÞ  l11R3ð1; pÞ ð76Þ
kBðbÞ ¼ 
1
p
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
b a
2
r
½h15R1ð1; pÞ  d11R2ð1; pÞ  l11R3ð1; pÞ ð77ÞThe Laplace inversion of Eqs. (72)–(77) is conducted numerically by the method provided by Miller and Guy
(1966).
Recently, some studies have shown the superiority of the energy density factor in analyzing the fracture
behavior of the magnetoelectroelastic structure (Song and Sih, 2003; Sih and Song, 2003). For the anti-plane
problem, the energy density factor is deﬁned asS ¼ lim
r!0
r
2
ðrxzexz þ ryzeyz þ ExDx þ EyDy þ HxBx þ HyByÞ ð78ÞUsing the above results, the energy density factor can be expressed directly in terms of the stress intensity fac-
tor, the electric displacement intensity factor and the magnetic induction intensity factor asS ¼ 1
8
k3 2kD 2kBð Þ
c44 e15 h15
e15 e11 d11
h15 d11 l11
0
B@
1
CA
1 k3
kD
kB
0
B@
1
CA ð79ÞFor the pure mechanical case, energy density factor is equivalent to the traditional deﬁnition of energy
release rate (Chen and Liu, 2005).
5. Numerical results and discussion
In the following parts, the solutions of the singular integral equations have been computed numerically, and
the numerical results for the dynamic stress intensity factor and the dynamic energy density factor are pre-
sented. The relative loading parameters jD and jB are determined as jD = D0/s0 · 109 and jB = B0/
s0 · 106. For convenience, the dynamic stress intensity factor and the dynamic energy density factor are nor-
malized by k0 ¼ s0 ﬃﬃﬃﬃa0p andS0 ¼ 1
8
s20a0 e11l11  d211

 
= h215e11  2h15e15d11 þ e215l11 þ c44e11l11  c44d211

 where a0 = (b  a)/2. S0 denotes the energy density factor for the unbounded magnetoelectroelastic material
subjected to static anti-plane shear loading s0. The x-coordinate of the crack center is deﬁned as c0 = (b + a)/2.
Since the dynamic stress intensity factor and the dynamic energy density factor at crack tip a are equal to those
at crack tip b for the central crack (c0/h = 0.5), we will only present the numerical results at crack tip a.
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k 3
(a
,t)
/k
0
cst/a0
Fig. 2. Normalized dynamic stress intensity factor for piezoelectric strip under only shear impact.
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ical results of a piezoelectric strip with a crack vertical to the boundary will be obtained. The piezoelectric
material is assumed to be BaTiO3 of which the material constants are c44 = 4.4 · 1010 N/m2, e15 = 11.4 C/
m2, e11 = 128.3 · 1010 C/Vm, q = 5700 kg/m3 (Wang and Yu, 2000). Fig. 2 plots the dynamic stress intensity
factor of the center-cracked piezoelectric strip under only the anti-plane mechanical impact, and our results
are in good agreement with the existing results given by Wang and Yu (2000).
For magnetoelectroelastic material, the values of the material constants are as follows (Sih and Chen, 2003;
Li, 2005):c44 ¼ 4:4 1010 Pa; e15 ¼ 5:8 C=m2; e11 ¼ 56:4 1010 C2=Nm2;
h15 ¼ 275 N=Am; l11 ¼ 297 106 Ns2=C2; d11 ¼ 5:2 1012 Ns=VC0 2 4 6
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Fig. 3. Eﬀect of jD on the normalized dynamic stress intensity factor (a0/h = 0.2).
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Figs. 3 and 4 show the eﬀects of the relative loading parameter jD on the dynamic stress intensity factor and
the dynamic energy density factor for jB = 0 and a0/h = 0.2. The general feature of these curves is that they
increase quickly with time, reach a peak value and then decrease oscillating around the corresponding static
values. It can be found that, the dynamic stress intensity factor may increase or decrease in diﬀerent time
domains determined by the sign and magnitude of jD. The peak value of dynamic stress intensity factor
increases with the increasing of electric loading. In addition, the eﬀect of jD on the dynamic energy density
factor is appreciable. The dynamic energy density factor always increases with the increasing of the absolute
value of jD. On the other hand, the dynamic energy density factor for a certain positive jD is less than that for
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crack growth than the positive one.
The eﬀects of the relative loading parameter jB on the dynamic stress intensity factor and the dynamic
energy density factor for jD = 0 and a0/h = 0.2 are plotted in Figs. 5 and 6. It can be found that, the variations
of the dynamic stress intensity factor and the dynamic energy density factor with magnetic loading are similar
to those with electric loading. The direction of the magnetic impact loading aﬀects the dynamic stress intensify
factor at diﬀerent loading stages. Moreover, the dynamic energy density factor also increases as the absolute
value of jB increases and the crack is easier to propagate under negative magnetic load than under positive
magnetic load. The results indicate that the magnetic impact plays a great role in the transient fracture behav-
ior and there is not signiﬁcant diﬀerence between the eﬀects of electric and magnetic loadings. Whereas, it is
seen from Figs. 4 and 6, the dynamic energy density factor increases with the increasing of the absolute of jB
0 2 4 6 8 10 12
0.8
1.2
1.6
2.0
2.4
2.8
3.2
3.6
4.0
4.4
4.8
κD=0.25
κB=0.025
a0/h=0.2
a0/h=1/3
a0/h=0.4
S(
a,t
)/S
0
cst/a0
Fig. 8. Eﬀect of the relative crack length a0/h on the normalized dynamic energy density factor (c0/h = 0.5).
0 2 4 6 8 10 12
0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4
1.6
κD=0
κB=0
c0/h=0.25
c0/h=0.3
c0/h=0.5
k 3
 (a
,t)/
k 0
cst/a0
Fig. 9. Eﬀect of c0/h on the normalized dynamic stress intensity factor (a0/h = 0.2).
H.-d. Yong, Y.-h. Zhou / International Journal of Solids and Structures 44 (2007) 705–717 715more quickly than jD, which shows that the relative loading parameter jB has more inﬂuences on the dynamic
energy density factor than jD.
Figs. 7 and 8 show the inﬂuences of the relative crack length a0/h on the dynamic stress intensity factor and
the dynamic energy density factor for jD = 0.25 and jB = 0.025. It is seen that, as the relative crack length a0/h
increases, the peak and static values of k3(a, t) also increases. It is for the reason that the eﬀect of free surface
on the crack tip becomes stronger with the increasing of a0/h. The result means that the free surface has impor-
tant inﬂuence on the factors and the increasing of a0/h could impede the crack extension. The variation of the
dynamic energy density factor is similar to that of the dynamic stress intensity factor. The peak and static
0 2 4 6 8 10 12
0.0
0.4
0.8
1.2
1.6
2.0
2.4
κD=0
κB=0
c0/h=0.25
c0/h=0.3
c0/h=0.5
S(
a,t
)/S
0
cst/a0
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However, it is noted that, at the early stage, the eﬀects of a0/h on the dynamic stress intensity factor and the
dynamic energy density factor are diﬀerent.
Figs. 9 and 10 illustrate the eﬀects of the crack location c0/h on the dynamic stress intensity factor and the
dynamic energy density factor for jD = 0 and jB = 0. In this case, only anti-plane mechanical impact is acting.
For a ﬁxed relative crack length (a0/h = 0.2), the dynamic stress intensity factor and the dynamic energy den-
sity factor at crack tip a for a certain c0/h are equal to those at crack tip b for 1  c0/h, therefore, we also only
present the results at crack tip a. It can be found that the variation of the dynamic stress intensify factor is
generally the same as the dynamic energy density factor. The peak and static values of the dynamic stress
intensity factor and the dynamic energy density factor decrease with the increase of the value of c0/h. This
is also because the eﬀect of free surface becomes larger as crack tip approaches the free surface. The results
indicate that the value of the crack location c0/h exerts a signiﬁcant inﬂuence on the peak and static values
of the factors and the dynamic stress intensity factor and the dynamic energy density factor do the same work
when only the shear impact is imposed.
6. Conclusions
The transient problem of a magnetoelectroelastic strip containing a crack under anti-plane mechanical and
in-plane electric and magnetic impacts is analyzed for impermeable crack conditions. Integral transform tech-
niques are used to reduce the boundary value problem to singular integral equations. Numerical results are
presented to illustrate the inﬂuences of geometry parameters and electric and magnetic impacts on the
dynamic response.
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